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THE TESTIIIG 0? AIRPLAITS J?A3RICS* 
3y Karl Scliraivogel 



I . IlTTRODUCTIOil 



The choice of suitable fabrics for airplane coverings 
constitutes an ever-recurring problem, the solution of 
which is often not wholly satisfactory. Hence it seens 
a.ppropr ia,t e to consider the deternining factors in the 
choice of fabrics, to describe the customary methods of 
testing and to report some of the experimental results ob- 
tained with various fabrics, especially as a further revi- 
sion of fabric standards is about to be published. 

During the war, comprehensive tests were conducted in 
G-ermany and in other countries, in order to produce cov- 
ering fabrics which 77ould meet the ever-increasing require- 
ments of military airplanesc (References 1-3.) In r-iaking 
these tests, one naturally had to be assured of the avail- 
ability, at all times, of a sufficient quantity of the 
requisite raw materialSo This necessarily affected their 
use in the different countries. Toward the end of the war, 
coarse materials and substitute fibers were investigated in 
Germany, while linen was preferred in England a.nd cotton 
in America. 

II. USES AiTD REQUIREMSITTS 

The covering fabrics are expected to give the wings 
smooth surfaces and aerodynamically favorable shapesc 
Hence they must be strong enough to retain their shape in 
flight, and their security against failure must equal tliat 
of the other structural members. 

The stresses will accordingly depend on their use 
(e.g., as wing or fuselage coverings) and on the character- 
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i sties of the airplane (speed, wing loading, structure 
and deformations). Accurate determination of the stresses 
is very difficult, without any proportionate advantage. 
A. Proll attempted to calculate the stresses with the aid 
of simplifying assumptions. (References 1 and 2.) The 
description of the tests give an idea, however, of the un- 
reliability of the material characteristics thus obtained, 
(Reference 3.) For this reason investigators have hith- 
erto foregone the consideration of the assistance of the 
covering in the wing-truss structure and confined their 
attention to the requirement that the fabric must trans- 
mit the aerodynamic forces to the points of • at t achment and 
that the deformations must he small. It also follows that 
the elastic behavior and the strength are so affected by 
previous stressing and aging (effects of moisture, light 
and oxidation), that one can hardly calculate with defi- 
nite characteristics. However, should greater durability 
be attained by improved methods of fastening and protect- 
ing, the .way to a better utilization of the strength of 
the fabric would then be opened. 

In order to meet the above-mentioned requirements,- 
. thd fabric 'must be smooth, taut, and air-tight. In the 
raw state, tl;ie fabric possesses the se • char ac t er i st ic s only 
in an imperfect degree and therefore require special treat- 
ment, which now consists of several coats of cellulose 
dope. This treatment has the advantage of increasing the 
strength, elastici ty and tautness of the fabric, or in oth- 
er words, its '.permanency of form, A suitable dope great- 
ly increases the . durabili ty of the fabric by protecting it 
from the effects of light a.nd weather. The tacit assump- 
tion is that, as in all aircraft materials, these proper- 
ties must entail as little increase in weight as possible. 
Another requirement, which may be very important under 
some circumstances, is a certain lack of sensitiveness to 
mechanical injuries. It is known that the strength of ma- 
terials is greatly impaired under some circumstances, as 
soon as the equilibrium of the stresses is disturbed by 
injury at any point. 

In determining the requisite strength of the fabric, 
it must not be forgotten that under some circumstances it 
may be impaired with surprising quickness. Very interest- 
ing in this connection are the results of weathering tests, 
which will be more closely considered under the heading of 
"Tensile Tests," A certain strength reserve must therefore 
be present from the - b eginning , in order to aviid the neces- 
sity of replacing the fabric soon. 
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III RAW MATERIALS 



A,sider from metal and plywood, the most 'important a.re 
fibroiis ma.terials, and 'e specially ve/^ataole fillers. In a 
few instances, silli -fatrics were used experimentally^, out 
the saving generally failed to compensate "for deficiencies 
in other respects. The two' most important vegetable fi- 
bers are flax and cotton, since no great progress has been 
made with artificial silk, especially as ro.sards the ef- 
fects -of moisture* • ' . " • ' 

Flax or linen is the bast fiber from the stalks* of 
the fla;x plant. , (deference 4.) The s.ta,lks are subjected 
to a bac tjer i ol ogi cal fermentation (re.tting) , "which -serves 
to loosen the fibers. The bast fibers (hackled flax) are 
then separated from the retted flax by mechanical process- 
es, (breaking, swingling, hackling), " Usually a fiber' con- 
sists' of several" separate cells," so that, in the finish'^d 
condition, fiber lengths of 30' to 40 cm (12 to 16 inches) 
are obtainede If the cells are put irto'a suit'ablo swell- 
ing medium, eog«, copper ammonium oxida, the cellulose 
content swells a^d put fs out the cell 77all<, Thi's shoitens 
-the fiber- and the central canal assumes- a spiral form, 
(Fig. li) (Reference 5,) • ' • 

Cotton is the seed fiber of sevei-al pl-ants' of the 
G-c ssypium genuSo (Reference 4.) The fibers do not have 
to be loosened as in the case of flax, but can be immedi- 
ately used after removing the seed and . cl ean si ng The 
cell consists of a rather thick wall and an air-filled 
ca,vity (lumen). The outer layer of the cell wall consists 
of a thin resistant skin (cuticle). (Reference 6.) '"hen 
soaked in copper ammonium oxide, the cell wall expands 
greatly, the. fiber is shortened, the cuticle bursts open 
at many points and f orms' ar.nular rings or 'spirals. (^'ig. 
2.) 3y treating the yarn or cloth in the svv^ol 1 en 'f orm 
with concentrated alkalies (soda lye or the like), the 
origirally flattened form of the fiber is convert el - i"^. t o a 
more cylindrical form, 3y this treatment (mer ceri :;:in--;:) 
the luster and strength of the fiber are greatly increased. 
Hence cotton fabrics are used mot^itly in the mercerized 
condition. ■ " • . • 

The yarn is spun from these raw materials by a rather 
complicated proctss, which we wail not describe here* 
(Reference 7.) It is then numbered according to its fine- 
ness the'' number indica,ting the number of length units in 
a given weight. 
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The strength of the yarn depends partly on the 
strength of the individual cells and partly on the friction 
"between them. If the latter is not great enough, the in- 
dividual fibers slip on one another vrithout tearing. The 
friction between the fibers depends cn the nature of the 
surface and on the length of the fibers and also on the 
number of twi s t s p er • uni t length© Linen fibers acquire a 
sufficient length "by growth, since each fiber consists of 
several cells. In cotton the length of the staple is the 
criterion of its excellence, which is the mean length of 
the longest fihers. High-quality yarns are, of course, 
made only from long-staple cottons (Sea Island, Egyptian, 
etc.). The numher ' of twists per unit length depends on 
the thickness of the yarn and on its use, T/arp yarn is 
generally more closely twisted than filling yarn. 

The strength of the fahric depends on the strength of 
the yarn. It can therefore vary greatly'' with the selec- 
tion, treatment and preparation of the yarn. However, the 
strength of the fabric is not simply the sum of the 
strengths of the individual pieces of yarn. 

Covering fabrics are generally linen, in which the 
warp and filling are very closely woven, each thread pass- 
ing alternately over and under the threads of the ^other 
system. Each thread may consist of a, single strand or of 
several strands # twi sted together. 



IV. TEST COiNFDITIOUS 
1, Moisture Content 



Like most animal and vegetable materials, the textile 
fabrics are hygroscopic, i.e^, they absorb moisture from 
the surrounding medium to the saturation point of the fi- 
bers and give out this moisture again to a dry surrounding 
medium. The moisture content affects both the \Teight and 
the strength of the fibers. Hence, when it is desired to 
obtain comparable experimental results, the moisture con- 
tent of the fibers must be determined. In standard tests, 
it is considered sufficient, however, to let the fabric 
hang for a long enough time in air of known humidity. The 
air, according to its humidity, imparts more or less mois- 
ture to the fibers, so that the moisture content of the 
latter can also be determined. In G-ermany and in many 
other countries, a humidity of 65 per cent at 2C^ C (68 Y .) 
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is considered standard. The requisite time for the fa'oric 
to hanj^- to ahsorb the corresponding amount of moisture de- 
pends partly on the humidity of the air and partly, of 
course, on the difference between the humidity of the air 
and the moisture content of the fahric. If this differ- 
ence is fe'reat, the time of suspension must "be relatively 
lon^i,; otherwise, it may he quite short. Data concerning 
the requisite time differ greatly. According to American 
exj:) er iment s , three hours s\iffice, while according to more 
recent Russian experiments the fihers have to oe exposed 
a month to acquire the same moisture content. Unless 
conditions are very ahnormal, the minimum period of 24 
hours, as given in "DIN L 21," may he considered sufficient, 
provided care is taken that the air circulates freely ahout 
the samples. 

Figures 3 and 4 show the rates of giving off and of 
ahsorhing moisture for airplane linen. Figure 3 shows 
the moisture losses of a sample which, after drying in the 
air, was dried in an oven at 98^ until its weight hecame 
constant. The loss in weight was determined every half- 
hour and therefrom the percentajL;e loss as compared with 
the original moisture content was calculated. At the end 
of three hours 99 per cent of the original moisture con- 
tent had heen expelled and the curve in the half-logarith- 
mic ciiagram was practically straight. This sam.ple was 
then suspended in air of 63 per cent relative humidity and 
the /-^ain in weight determined. After an hour and a half, 
as shown in Figure 4, the sample had regained 90 per cent 
of its original moisture content. Beyond this point the 
gain was very slow. At the end of 20 hours the fahric 
weiv^hed exactly the same as hefore drying. The second 
curve in Figure 4 shows the results with wet fahric. The 
sample was soahed in water for half an hour, lightly dried 
hetween hlotting papers and suspended with a moisture con- 
tent of 60 per cent. The air in the room was kept con- 
stantly in motion hy a small fan, though the air current 
from the fan was not directed at the fahric. The dash-dot 
line ascends steeply, showing a more rapid loss than in 
the case of the dry fahric. After ahout an hour, 95 per 
cent of the ahsorhed water had heen again lost to the air 
and after six hours, 98.5 per cent. 

The difficulty of obtaining and maintaining a definite 
m.oisture content during the test is avoided in many coun- 
tries hy testing the saturated fihers. The samples are 
soaked half an hour in water and tested wet, Their 
strength is considerahly greater than that of air-dried 
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samples, which must "be taken into c ons ider^? t ion in compar- 
ing strength data from different sources. The defects 
of this method are that the strength in the air-dry condi- 
tion can he determined only from "a posteriori" conclusions 
and that the elongation characteristics of the fahric are 
al so different . 

The effect of the moisture content on the course of 
the curves can "be estirjated. from Fig^ire 5. This figure 
shows the curves for a standard linen, a ]« i^r^^t cotton and 
a viscose artificial silk. The strength of the linen in- 
creases with the moisture content, especially at the high- 
er degrees. The "Mako" (Egyptian) cotton also shows an 
increase in strength, while the artificial silk shows a 
considerable loss. This is probably the chief reason it 
has not heeii used for airplane coverings. If the strength 
at normal atmospheric humidity is put at 100, we then ob- 
tain the percentao© variation in the tensile strength of 
the first two fabrics, as shown by the curves in Figure 6. 
In the most important region between 50 and 70 per cent 
relative atmospheric humidity, a change of about 1 per cent 
in the strength corresponds to a change of 2.5 per cent 
in the moisture content. 

Even doped fabric is sensitive to humidity, although 
the rapidity with which its m.oisture content follows the 
humidity of the surrounding air is considerably less, ac- 
cording to the kind and degree of doping. The effect of 
the moisture absorbed is the same as on undoped fabric. 
Increased moisture content increases the strength, but de- 
creases the tautness. No thoroiigh investigation has yet 
been made, but only a f ew preliminary tests, as reported 
by Barr and Tfilson, (Eeference 9.) 

In Order to determine the moisture content of the fi- 
bers, the sizing in the fabric must first be removed. 
This is accomplished by boiling the sample for a short 
time and then letting it stand two hours in a dilute solu- 
tion of diastase at 60 to 65^^ C (140 to 149^ F.). It is 
then washed, boiled again for an hour and rinsed. The 
quantity of the sizing is the difference between the dry 
weights before and after this treatment. The drying is 
done in an oven at 105 to 110^ C (221 to 230^ F.) until 
the weight becomes constant, i.e., until two weighings 
one-fourth hour apart show less than 0.03 per cent loss 
in v/fcight. According to British and American specifica- 
tions, the sizing must not exceed 3.5 per cent, while 
French specifications allow only 1.5 per cent for linen 
fabric . 
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The moistiTre conte;it is similarly de erniined. 

-|.QQ jrio X <^ ture content, 

where G-^^ = -.yeight of unsized air-dried sample, 
G " " oven-dried " 

2 ..- 

This definit-ion corresponds to the method employed uith 
T700(L. In the textile industry, hov/ever, accordin,.; to 
Heermann (reference 6), the moisture content is understood 
as oeing "based on G-^^ , v;hile the here-defined expression 
is considered as the moisture increase. 



2.. Kate of Loading 

Aside from the moisture content, a whole series of 
other factors also affects the strength. Since the 
strenj2;th of the yarn, as already mentioned, is intermedi- 
ate hetv/een the strength of the filjers and the friction 
"Detwee": the f iters, all factors affect in.^, the friction 
also affect the strength of the yarn. This statement aT)- 
plies particularly to the rate of loading;. At a hi^h rate 
of loading the strength is greater, "because the friction 
■bet\7een the fihers increases rith the rate. According to 
American data (reference 10) there is a logarithmic rela- 
tion betrreen the tensile strength and the loading time, 
somevrhat as follows: 

Pt = P - I lo,i t, 

in which denotes the "breaking load for the loading 

time t in minutes, and P the orea'icing load in a stand- 
ard t ens il e~ s t r ength test. This relation is naturally 
Valid only within certain limits. One-half of the hreaL:- 
ing strength, as deteri.:ined h^/ the tensile test, is con-- 
sidered as the permanent strength, i.e., as the load wnich 
the fahric can withstand for a long time. 
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V. Ti:3TIlJ& IaETHODS 
1. Unit Weight and Kumoer of Threads 



After the fahric has teen reduced to normal moistiire 
content, a piece of at least 0.25 rn^ (.2.7 sq.ft.) is ci-'.t 
out parallel with the threads and is accurately measured 
and weighed to within one ^ran (0.0 35 oz.). 

The number of threads per unit len^^th is deternined 
either "by pulling them out for a" distance nar':ed on the 
fabric or better, for fine-- threaded * fabrics , with the aid 
of a thread counter (a lens under which a £;lass scale is 
laid on the fabric). The mean of at least five counts 
at different places, 15 cm (abou.t 5 in.) or more apart, is 
taken as the number of threads. 



2. Tensile Tests 

Due to the simplicit^^ of the tentin^i; method, the 
standard tensile test is also applicable to coverin^^ fab- 
rics, although the stressing conditions, for the most part 
do not , 'correspond to those of actual practice. In order t 
obtain a closer approximation to the actual stressin{^ con- 
ditiojiis, one must use the simple or raultiple cross test 
introduced by Haas and Dietzius (reference 11), in which 
the fabric is simultaneously stressed in both war_p and 
filling. This method is m.uch more troublesome, however, 
so that it is worth usin^ only for very fundamental tests 
and in cases where the fabric serves as an elem.ent of the 
static structure (e.g., in nonrigid airships). Even the 
results of the simple tensile test, howevor, enable in- 
stnActive conciiisions on the behavior of the fabric on an 
ai rpl ane . 

In cuttin.:; the test samples, tne lack of uniformity 
of the strength characteristics of the yarn must be taken 
into account. The samples must be cut in such a way that 
the largest possible niimber of different threads will be 
inclu.ded. They mwst be so distributed over the fabric 
that each sample v/ill contain different threads in tne di- 
rection to be stressed. &enerally at least five samr^les 
are teken parallel to the v;arp and a like number parallel 
to the filling. The warp samples are distributed in sev- 
eral groups over the width of the fabric. The filling 
sam.pl es should include threads from several different 
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spools, so that the in.terval hetween the differe-ut groups 
is determined according to the distance covere^d "by a spool. 
An interval of 15 to 20 cm (about 5 to 8 in.) shotild suf- 
fice for fahric 130 cm (ahout 51 inO wide.. In ""DIIT L 21" 
an example- is given for taking samples... If the' piece of 
fahric is not large enough for this scheme,,- the more eco- 
nomical method according to ?igiire 7 may be employed. 3y 
this method considerably smaller pieces will suffice, vrhich 
is advantageous, e.g,, in cutting samples from airplane 
coverings. 

According to '^DliT L 21" the standard tensile sample 
is 5 cm (about 2 in.) wide and 30 cm (about 12 in.) long. 
Test samples of doped fabric can be cut just the right 
width, while samples of undoped fabric must have a ma.rgin 
of about 5 mm (0,2 in.) on each side, so that the trans- 
verse threads can project beyond the longitudinal threads. 
Otherwi se .the outside threads of the sample would not be 
uniformly stress.edo .The superfluous longitudinal threads 
may either, be pulled out or cut at several points. In 
te-st.ing sm-aller pieces, these mec.sures may be omittedo 
S'oroign test specifications all call for shorter test' sam- 
ples and in some cases narrowero . Dutch specifications, 
e.g., call for s.amples 20 by 5 cm (8 by 2 in.), British 
7 by 2 in., American B by 1 in., and French only 10-. by 
5 .cm (.4 by 2 inO o The sample is gxven a certain prelim- 
inary tension in the clamping frame, a.nd the load is very 
gradually increased. According to "DIIT L 21" an advance 
of the lower clamp of 10 cm -(4 in.) p-er minute is pre- 
scribed as the rate of loading. The load^-elongation dia- 
gram is plotted either from the elongation read at defi- 
nite, degrees of loading or a.ut omat i cally by the testing 
mechanism itself. The breaking load of the sample is re- 
duced to that of a strip 1 m .(3,28 ft.) wide and designated 
as the tensile strength (kilograms per meter) . 

. Pavilure normally occurs in the free portion of the 
test sample c A lateral tear indicates- lack of uniform 
preliminary stressing-. The corj"esponding breaking load 
is thc-/n generally much smaller than in a normal test. 
The results of such tests are nut to be used in determin- 
ing the mean valuec In homogeneous fabrics, failure may 
occur simultaneously at several points, e.g^, on both 
edges, but at different heights. Such tests yield good 
strength and elongation data and indicate uniform strength 
and clamping. In especially sensitive doped fabrics, fail- 
ure occasionally occurs at the clamping points. This can 
be avoided by the interposition of strips of soft fabric 
next to the clamp cheeks. 
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Por comparing different f a"br i c s. wi t li one a-noth-er-, 
the ""brealiin-g length", (km) is introduced as the^oriteri- 
cn. For woven fabrics this neans the quotient of the ten- 
sile strength .(kg/m) divided hy the unit w-oight (-kg/m^). 
In judging the fabric, care must therefo-re he taken- that 
the "breaking length in hoth directions is as high as pos- 
sible, "because, "by a corresponding choice of . the yarr.-^ , 
the "breaking length can he increa^sed in one di-rection- at- 
the expense -of the other. 

The tensile strength is also the criterion for the 
deterioration of the fabric characteristics from .^eather- 
jLng., H.ere two- factors shoiild be distinguished, the effect 
of light and the effect of mo-isture in the presence, of air. 
These two effects. are superposed in the case of- an unpro- 
tected fabric. Eith.er effect laay exceed the other accord- 
ing -to climatic conditions, Hence a medium, which aff-pr-ds 
excellent protection against light but not aga:l nst moi stur e , 
.may -succeed in one vicinity and fail in another.. The Brit- 
ish .exp.er iment s \inder greatly dif f erin-g cliP4at ic^condi t i on s 
are. interesting in this connection... (Reference -.12.) For 
German conditions, So.mmer's experiments yield -interesting 
conclusions.* (Reference 13,) - 'It was. found, that cotton- is 
more durable, than linen^ -which is comprehensible from the 
production processe s of thp-two mat eria.l S:»- In Figure 8- 

• the loss in -tensile strength is plotted against the^ expo- 
sure time.; The effect of the light is shown more clea.rly, 
however, when the .loss <in strength is plotted against the 
number of hours of - exposure to sunlight. (Fig. P.). (In 

• comparing the curves, however, it must be borne in mind 
tha.t the- cotton and silk fabrics used in the tests were 

of li,{;:hter weight tha,n the., linen fabric.) . The most ha.rm- 
ful wave lengths of the sun's spectrum are between 3,ld.C 
and •t'^, 900 angstrom. (References 17 and 18.) The light 
protection ^must -therefore be. especially efiectiv.e against 
these wave lengths. According to British a,nd G-erman tests, 
we can figure for our , climate .an annua,!, strength -loss of 
about 10 per cent in well-pr o t ec t ed . f abr i c s . 'Tith trans- 
parent varnishes or dopes an annual . strength loss of- 5C . 
X^er cent and more has been .observed. 
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3, Testing the Ta-atness, Elastic Behavior 
and Bursting Strength 

The testing of tiiese characteristics avails only for 
doped fahrics, in which the characteristics of the faoric 
and dope cooperate. The taiitness can he determined in va- 
rious ways, two of which are described by Proll. (Refer- 
ence 2.) One method is "based on the height of rehound of 
a small steel "ball which is dropped on the fahric from a 
given height in a glass tuhe. The other is a pressure 
method, in which a rounded stamp is pressed aga.inst the 
taut fahric. An instrument developed during the war "by 
Bayer and Company of Elhorfeld is based on a similar prin- 
ciple. The fabric is clamped between two conical rings 
with a given preliminary tension. By additional loading 
the same impression is produced in the doped fabric as in 
the undoped fabric and the ratio of the two loads is tak- 
en as the measure of the tautness. This method is suitable 
for comparative tests, because it is simple and quick. 

The British specifications for airplane doping (ref- 
erence 14) utilize an experimental arrangement in which 
the samples are stressed by air pressure and the deflec- 
tion is"^ determined by a "test clock," A negative pressure 
of 1 inch water column (0.0025 atm. gauge pressure) is 
produced under the fabric and the radius R of the result- 
ing concavity in the fabric is measured with the help of a 
superposed ring. The radius R is calculated on the as- 
suu-ption of a spherical depression according to the sim- 
plified formula R = /8f in which D is the diameter 
of the ring and f is the central depression. The taut- 
noss T is obtained from the formula T = Rp/2, in which 
p is the test pressure. 

For air-dried samples the tautness should be between 
0.45 and 0.89 kg/cm (2.52 and 5 lb. /in.). After the sara- 
ple has been kept two hours in air having a relative hu- 
midity of 35 per cent, the tautness should be at least 
0.36 kg/cm (2 lb. /in.). This method seems to be based on 
the experiments of Aston. (Reference 15.) 

The apparatus shown in Figure 10 for the determination 
of the elasticity and bursting strength is based on the 
same principle. It consists of a square iron pressure 
basin with connections for compressed-air pipes and manom- 
eter. The frame, over v/hich the doped fabric is stretched, 
is secured to the top of this basin (v/ith the interposition 
of packing) by strong screw clamps. The load is produced 
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"by compressed air in definite sta^^es. The deflections in 
the middle of the frame are recorded by a test clock. By 
using indicators for different pressures (water, mercury, 
and spring manometers), tautness, elastic "behavior rjid 
"bursting strength can "be successively determined with one 
and the same frame. 

The elasticity of the doped fabric is tested by grad- 
uated loading and unloading on a definite fundamental ten- 
sion. The difference between the total and permanent de- 
flections gives the elastic or temporary deformation* On 
account of the temporary after-effects, the readings are 
made only after the pointer of the test clock has come to 
rest. The tautness of the fabric is proportional to the 
total deflection and its elasticity to the temporary com- 
ponent of the deflection. In a good covering, the elonga- 
tion characteristics of the fabric and of the dope film 
must be similar. If, for example, the fabric is too ex- 
tensible as compared with the dope, a noticeable increase 
in the permanent elongation will occur under relatively 
snail stresses. In brittle films small cracks will form, 
and the covering fabric will become permeable to air. If 
the adhesion is poor, the film will separate from the fab-i- 
ric in many places. 

After the conclusion of the elasticity test, a thin 
rubber membrance was laid under the fabric and the pres- 
sure was gradually increased until the fabric "burst, the 
bursting pressure, course of the tear and the adhesion of 
the dope film being noted. G-ood fabrics usually tear in 
both directions, and good dope does not separate from the 
fabric after burstings This method is particularly adapt- 
ed for investigating the effect of moisture and we£ither- 
ing on the tautness. 

4, Tearing Tests 

Tensile and bursting tests determine to a certain de- 
gree the strength of the fabric as a whole, For practical 
use, however, there must be a certain local strength, to 
enable the transmission of the stresses at the seams and 
points of attachment. Moreover, as already mentioned, 
there must be some security against the tearing of the wing 
or fuselage covering in case of accidental injury during 
flight. On military airplanes whore such injuries are 
very liable, the tearing strength is very important. 

According to Turner (reference 16), a tear, once start- 
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ed, may "be propagated ty the surface pressure or Dy local 
. stress.es. In the first case, the" resistance of the fahric 
is principally a function of the stress di str.i i)ut i.on at the 
edges of the tear. If the threads next to the tear are r.e- 
lieved "by threads farther away, the tearing strength iS: 
corre spondingly higher • It corresponds, in this case, to 
th6 strength and elasticity of the yarn. In the second^ 
case, the shearing strength of each thread and its position 
in the faliric are involved, in ^o far as a certain mova- 
Dility of the'threads permits them to "be t orn ; in, group s . 
instead of singly. Any displacement of the. threvids is 
largely prevented, however, "by the tension of the faoric 
and "by the dope film. 

The testing methods correspond to these two .pQ•s.si•.^Dil•1• 
i ties • of tearing^ The "bursi:ing test of a fraraed piece of 
fa"bric with slits cut in it corresponds to the first casQ, 
In this test, slits of "a given length and arrangement (simr- 
pie or cross slits) are cut in the faoric and the reduc-- 
ti.on in the "bur sting pressure , as compared with the undam— 
aged fabric, is determined.^ The loss in strength natural- 
ly" depends on the ratio of the size of the injury to the 
-size of the sample. According to the tests of Ualen (ref- 
erence 8) with grade A Ameri'can cotton faDric,,. the "burst-, 
ing pressure was reduced from 1,3 to 0c4 atm, gauge pres-- 
sure hy cross slits 1 inch long, and to. 0o22 atm. "by sim- 
ple slits 2 inches longo. 

The "wound test" followed the normal t en s i 1 e . t.e s t , 
In this test a slit was previously cut in the center of 
the test strip perpendicular to the line of pull... (Eig. 
11.) The tearing strength, defined as the breaking load 
with respect to the supporting width, depends on the ra,tio 
of the length of the slit s to the width of the strip b, 
that is, for very wide strips and short slits a limit is 
reached, below which the tearing strength is not affected., 
by the length of the slit. The fabric widths used in air- 
plane coverings and the possible injuries from pr o j..ec.t 11 e s 
are below this limit. In this connection, it is advisable 
to test various ratios of s : bo 

The strength characteristics of the separate threads 
are exhibited still more clearly in the following methods 
of testing than in this one, the simplest nethod b.eing 
the one which imitates the tearing of the fabric by. hand. 
For this purpose the sample is cut a certain (iista,nce 
(fig, 12)' and the two ends .are pulled apart. "This method 
has- -the advantage of simplicity. On the other .ha.nd, it 
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has the defex^t that the transverse threads are without 
tension and can "be somewhat displaced under some', condi t i on s • 

For this reason the wound test hasheen quite commonly 
replaced "by another form of the t earing- str ength test, 
called the "tongue test^" In this test a rectangle is cut 
on three sides at or near the center of the sample, (S'ig, 
15.) The lateral tension can "be obtained eithsr "by stretch- 
ing the sample on a frame or "by some special device during 
the teste The forces required to continue the tear are 
then recorded and the mean tearing strength thus determined. 
The samples are so selected that in some of them the warp 
is torn and in the others the filling is torn. 

The two tests can be combined by cutting the tongue 
diagonally to the direction of the threads. Figure 14 
shows an apparatus which can be used both for the normal 
and the diagonal tongue test. It consists of an angle 
frame, in which the fabric is clamped" pa-rallel to the 
threads^ The free edges are- looped and th':^ fabric is giv- 
en a certain, preliminary tension by means of weights. 
Slits 5 cm (2 iiio) long are cut in the sample at a certain 
distance from the clamped edges,, and the corresponding tri- 
angular tip .is held in a clamp. The force required to 
breal: the thr.eads is measured with a spring balance and 
plotted graphicaliyc The diagonal test Is based on the 
viewpoint that injuries often take a triangular course, 
showing that the warp and filling in doped fabric support 
each other to a certain degree* • Subsequent values for 
the tearing strength of different samples are determined 
in. this manner. If it is desired to test the warp or fill- 
ing separately, the frame is rotated 45°. 

5. Other Testing Methods 

Among the initial requirements there were some which 
are now fully met by the dopes and covering fabrics, so 
that no special test is necessaryo This applies especial- 
ly to air and water- tightne s s , The air-tightness can be 
judged by the bursting teste It can now be • required of 
good dopes that, when newly applied, they shall show no ap- 
preciable lack of tightne"ss up to 2e5 m (8o3 ft,) water 
column . 

The roughness or smo othne o s i s preeminently a question 
of the dope used and the' manner of its applicationo Accu- 
rate measurements have hitherto been made in only a few 
cases,. one being generally ^ s.ati sfied to judge from super- 
ficial app e ar an c e s , 
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The metiiods tlius tar described' are only for' labora- 
tory tests and are not so sui "table" for testing coverings 
on airplanes, Tiiey require tlie renoval ox samples and 
considerable time for their execut i on • It' woul d pay t o 
develop devices for testing" in a simple" manner the taut- 
ness and strength of fabrics on airplaii'es. The method 
proposed by Schubert (reference' i 9) appears quite feasible. 
Th^ A. J, Amsler Testing-Machine Factory is mailing a ma-- 
chine for determining the strength of airplane fabrics 
according to Breuii; under the designation "Per f oi-amo t er , " 
with which a snail sp-herlcal stamp is pressed through the 
fabric and the required force is "recorded" on a spring 
balance^ This ma-chine can- also be used to determine the 
tautness. ..• .. ; 

Vr.. R3SULTS' OSTAINED T7ITH 7AHI0US: COVSRINS JABHICS . 

We will give a few of- the re>sults obtained with vari- 
ous covering fabrics and especially with linen fabrics. 
The experiment's were made for the purpose o"f obtaining 
data an fabrics lighter and heavier than standard linens 
according to DIIT L 21.* The characteristic data of the 
fabrics are given in Table I. All the fabrics were un- 
bleached. 

1« Delivery C G.ndition 

Sample 1 (fig. 15) corresponds to the standard air- 
plane linen according to DIIT L 21. It is rather closely 
woven. Its unit weight is a little greater than the max- 
imum standard weight, but this can bo disregarded in view 
df its great tensile strength, which is much greater than 
the stipulated minimum strength. The mean breaking length 
of about 11,000 m (36,039 ft.) is- to be designated as. the 
standard for linen fabrics. 

Sample 2 is a similar linen whose unit wei^^ht has been 
reduced to about 110 g/m^ (3,24 oz./sqoyd.) without dimin- 
ishing the tensile strength. This was accomplished by us- 
ing finer yarn, specially selected for its strength.' The 
breaking length was thus increased to over 13^000 m (42,551 
ft,)* For quantity production, however thi s fabric is of 
less importance, because of the limited supply of such high- 



*The linen samples came from the A, W. Kisker Company, Biel- 
efeld, G-ermany, which has taken an active part in the devel- 
opment of airplane fabrics. 
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grade yarh.. In appearance, it is chiefly distinguishable 
from sample 1 by " the greater unifornity of the yarn. Sa,ra- 
ple 3 represents the same fabric made from standard yarn. 
It weighs the same as sample 2o Its strength is smaller 
as compared vxith sample 2, corresponding to its reduction 
in weight as compared with sample 1, so that an intermedi- 
ate breaking length of 11,330 m (37,073 ft.) is obtained. 
The weave seems a little lighter than that of sample 1. 

Another way to reduce the unit weight was adopted 
with sample in which the thread number per centimeter 
was reduced about 20 per cent in both directions as com- 
pared with the standard fabric, the same size of yarn be- 
ing used. Though the weight was not reduced in the same 
ratio, this was duo to the fact that the yarn was woven 
in the raw condition, while the yarn for the previoiis sam- 
ples had been boiled. Therefore its tensile strength was 
relatively somewhat greater 0 This fabric, no twi thstand- 
in-g its being 25 g/m^ .(,737 oz./sqoydo) lighter than the 
standard fabric, still satisfies the standard strength re- 
quirements. The sma.ller number of threads, as compared 
with the other samples, produces a .more open weave, (?ig. 

1^..) ■ ■ ■ 

The next two samples belong to the category of heavy 
fabricSc Sample 5 ^is a fabric of the kind somewhat used 
in G-ermany toward the end of the war and which is even now 
prescribed in many counti^ieSo (See Tq^ble V.) Its r.ean 
tensile strength is about 2,000 kg/m (112 Ib./ino) and its 
elongat i on i 3 ' le s s than that of the standardized fc7.bric, 
due to the smaller number of threads. Sample 6 is more 
than' twice as strong as the standard fabrico In order not 
to be obliged to use still coarser yarn and thus produce 
a thicker and rougher fabric, the Panama weave was adopt- 
ed, in which the threads /uSed . in pairs. It was thus pos- 
sible tc increase the number of threads to 40/cm (about 
lOO/inc). Despite its great strength, this fa,bric weighs 
only 223 g/m^ (6a58 oz 0 /socyd. ) 

•Sample 7 represents the fine light . cotton fabrics 
much used for the coverings of sport airplanes with low 
wing loading., Its strength is only about half that of the 
standard fabric, but its weight is not proportionately 
less, so that its breaking length is less than 7,000 m 
(22^ 956 ft.). This i.s rarhor -sLiall, since ordinary cotton 
fabrics have breaking lengths of 9,000 to 12,Q00 m (29,527 
to 39,370 ft,). This fabric ^as therefore not been devel- 
oped to its maximum strength. In contrast with linen fab- 
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rics, the elongation is greater in the direction of the 
filling' than in that of the warp. 

The last sample, an artificial viscose silk, is rea,l- 
ly not a covering fatric-. It was included in the tests, 
however, in order to discover how it is affected "by doping. 
The fabric is still lighter than cotton fahric, weighing 
only 85 g/n^ (2.51 oz./sq.yd.)f but somewhat stronger .than 
sample ?• In contrast with the other fabrics, the slight 
twist of the yarn and the smoothness of the surface are. 
noticeable ♦ The fabric is consequently very soft. 

- 2, Characteristics after Doping . 

It is interesting to note how differently the fabrics 
are affected by doping. All the fabrics were treated a,liko 
and simultaneously. Stretched on wooden frames with about 

10 kg/m (6.72 lb. /ft.) preliminary tension, they were 
painted with two coats of "Perluco Red" (undiluted) and two 
coats of "Perluco Silver," This method was adopted first, 
because it afforded a good protection and secondly, because 
the layer of dope is not so thick as seriously' to affect 
the properties of the fabrics. 

All the fabrics were perfectly doped, the thin ones 
being thoroughly impregnated, while the thicker ones wore 
not impregnated to the same degree. The strength tests 
were made about throe weeks after the application of the 
last coat, the samples having been kept at normal humidity 
for a long timo before the beginning of the tests. Tables 

11 and III contain the results obtained with the doped fab- 
rics, while Table IV summarizes the changes in weight and 
strength. The tearing-test data, as already mentioned, 

are the results of diagonal stressing. 

The standard linen is made about 84 g/m^ (2.48 oz./ 
sq.yd.) heavier by doping and weighs abo^^.t 225 g/m (6.64 
oz./sq.yd,). The strength increment due to doping is not 
the same in both directions, being about three times as 
great in the direction of the filling as in that of the 
warp. It may be noted, however, that the increment in the 
strength of the filling is not normally so high. The " 
strength increment does not correspond perfectly to the 
weight increment, for which reason the breaking length is 
reduced about 12 per cent by the doping. The breaking 
elongation is not affected in either direction by the dop- 
ing, the tearing load having a moan of 4 kg (8.82 lb.) and 
a maximum of 6 kg (13.23 lb.). 
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In the doped condition, sample 2 does not retain its 
s"VLperiQri ty, with respect to the other samples. To oe sure 
the , finer ' yarns ah sorb less dope, and", the doped fahrlc is., 
.therefore 42 g/m^ (lo24 ozo/sq.in*.) lighter than, sample 1", 
' fo.r,. which reason, however, the streng;th is incr'^asfe'd- oni'jT'" 
24 'to 2.?,,. per cent. Its "breaking length- of lO'iOOO m 
(32., 80j8 " 'f t , ) is the same as" for .the 'other' feamples. Its 
tearing, str.ength is ahout 1". leg '(2 • 2 Ih.) less than that of 
the standard, fabric , ■ T.his fabric shows th'ai. the evalua- 
tion of 'the fabrics 'must be on the basi^ o"f' their' proper- 
ties in the doped condi.tipn, . It, is obviously purposeless 
to increase the cost by \ising" specially sel'edted yarns, 
when the f ini shed covering, i.s .no better than other cover- 
ings made from standard yarns a 

As was to be expect.ed',^ .sample 3' ab'sorb^eS'^ft^ same 
amount of dope, .since it closely resetable'd samp'le" 2* Like- 
wise in this .case, this.' .increase in the strength of' the fill- 
ing considerably ex.ce.e.ie.d that oT the warp. The tensile 
strength in the direction .""o.f the filling a.ppr cximate s tha,t 
of sample 2, while the tearing strength of sample 2 is 
somewhat greater, due to the* better quality of yarn. 

S amp 1 e. 4' .. b-e'h av e blB^"t ..te r ' in this re sp^e c t , the strength 
increment from doping beiiig 3'0' to 48 per cent. Unfortu- 
nately the we.ight i.ncr eraexit i s ."likewi se quite high, so that 
tvhe differen.ce, as compared with the standard fabric, is 
relatively .less than in .the original state. It is uncer- 
tain whether the condition of the yarn is affected by this 
relatively large absorption of dope. Judging from exper- 
iments with other fabrics, the effect is hardly worth con- 
sidering. It is advisable, however, not to reduce the 
number of threads too much, both in consideration of the 
weight increment and of the danger of permeability of the 
dope f i Im, 

The thick heavy samples 5 . and 6 have relA.tively the. 
most favorable dope consumption. The impregnation is not 
so complete as in fine-^ threaded fabrics, but the strength 
increment ^ corresponds approximately to the weight incre- 
ment. Consequently, the breaking length is hardly reduced, 
contrary to the case with the previous samples. As regards 
tearing strength, samples 5 and 6 far surpass all the oth- 
ers, V/ith sample 6 , the peak loads exceeded the measuring 
limit of the apparatus ,., so that.,the mean tearing strength 
could be only approximately det *ermi ned-. 
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Both cotton and artificial silk can "be readily doped. 
The increase in the strength of the Ivlalco fabric is very 
pronounced, but it must he rememhered that its original 
strength was rather small. The dope consumption is great 
with both these samples. It is surprising to find that 
these originally lighter fabrics are as heavy after doping 
as the corresponding samples 2 and 3, Despite this increase, 
their tensile strength is still considerably below that of 
the linen fabrics. The elongation, especially of samplers, 
is considerably less than in the original condition, an in- 
dication that the stress preliminarily imparted to the fab- 
ric largely eliminated the shrinkage of the yarn. This is 
also manifest in the tautness of the doped fabric. Like- 
wise the tearing strength of these sam.ples is rather small, 
approaching the lowest permissible limit with the usual 
"methods of sewing and attaching. In many cases it is ad- 
visable to reinforce the fabric at these points. The be- 
havior of the fabric is shown by the difference between the 
mean and maximum tearing loads in Table III, as also by 
the course of the curves in Figure 17. The standard linen 
offers considerable resistance to tearing, while the cot- 
ton fabric behaves much like paper. 

To sum up briefly the resiilts obtained with these dif- 
ferent fabrics, it may be said that increasing the strength 
of covering fabrics by using coarser yarns ordinarily of- 
fers no difficulty, because the weight increment from dop- 
ing is relatively smaller. The case is different, however, 
when it is desired to use the lightest possible fabric with 
small strength requirements. With standard fabrics, the 
limit set by the requisite tearing strength is then soon^ 
reached. Some improvement can perhaps be attained by using 
doubled yarn instead of simple yarn, or by other methods 
of weaving. Otherwise these peculiarities of the^fabric 
must be taken into account in attaching the coverings. 
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TABLE II. Properties of Doped Fabrics (mean values) 
Eope: 2 priming coats of "Perluco F.ed" ; 2 finishing coats, of "Perluco Silver" 
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TA3LE III. Tearing Strength of Doped Fa"'orics 



So.H-ple 


Material 


Load in kg 
maxinu::i | mean 


Resulting tear 


1 




Linen 


6.2 


4.4 


Chiefly in warp 


3 


II 


5.1 


3.4 


Chiefly in filling 


3 


II 


4,1 


2.8 


In "both directions 


4 


It 


5.0 


3.0 


Chiefly in warp 


5 


tl 


9.5 


6.8 


Diagonally 


6 


it 


10.0 


9.5 


Chiefly in warp 


7 


Make 
cotton 


2.8 


2.2 


In "both directions 


8 


Ar til ici al 
silk 


3,3 


2.4 


In "both directions 



H.A.G.A. Technical Memoraiidiin ITo . 693 23 



TABLE IV. Change of Properties froni Doping (mean varaes) 
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TABLE V, A jeTT Specif icrticns for Covering P^lrrics 
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TABLE V, A Jew Spec-if ications for Covering Fabrics (ContM) 
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Pigs. 1,2,10,14,15,16 




Fig. 1 Flax fillers swollen in cop- Fig. 2 Cotton fillers swollen in cop- 
per ammonium oxide. V= 400. per ammonium oxide. 7= 400. 




Fig. 16 Structure of sample 4 
(linen) V= 25. 
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Pigs. 3,4 
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Drying time at 980C. 

3 Loss of moisture of a linen 
fabric from artificial drying. 
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Pig. 4 Loss of moistare of a wet and 

of a dry linen sai.iplo at standard 
atmospheric h-uu.iidity. 
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Pigs. 5,6 
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Pig. 5 Tensile strength (kg/m) of a 
linen (L) , a Malco cotton (B) 
and a viscose artificial silk (K) 
plotted against the relative atmos- 
pheric h-uinidity. 



a, normal humidity 
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lig. 6 Percentage variation in tensile 

strength of linen (L) and Mako 
cotton (3) at varioiis atmospheric hir.iid- 
ities. 
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Figs.. 7,8,9 



1 




















a 

>\) 









a, Warp 
"b, Pilling 



Fig. 7 Most economical method 

of cutting fabric samples* 
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Fig. 8 Percentage loss in tensile 
strength of a linen (L) , a 
cotton (B) and a natural silk (S) 
from weathering (according to Sommer) 



•H <D 

5) iH 

U 03 

03 +3 
•H 

•H 

W Ch 

o 

EH 



Fig. 



100 
80 
60 
40 
20 



0 600 1200 1800 h 
S"JLn shine 



Percentage loss of tensile 
strength of faorics plotted 
against hours of sunshine (according 
to Sommer) . 
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rigs. 11,12,13,17 
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Fig. 12 
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Fig. 13 
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Fig. 11 Form of sam-ple to determine tearing strength. 
(Slit test)' 

Fig, 12 Form cf sample to determine tearing strength 
(Tearing test) 

Fig, 13 Form of sample to determine tearing strength 
(Tongue test) 
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Jig, 17 Tearing curves for sample 1 (L) and sample 7 (b) 



